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Abstract 
This study was triggered from worker complaints about metal fume odors during metal 
welding in a mechanic garage. Hard-face welding, which includes use of an electrode to join 
metal pieces together, occurs once per year in this occupational setting and was chosen for this 
study because of the large amount of smoke that is produced, giving the study a worst-case 
scenario element. Sampling occurred over a period of one hour, which is the same amount of 
time hard-face welding is conducted when applicable. Results show that a worker performing 
hard-face welding was not exposed to metal fume concentrations above any 8-hour OEL-TWA 
established by OSHA, NIOSH or ACGIH. Readings from area samples suggest that welding 
smoke tends to escape the fume hood, and thus expose neighboring employees, but below any 
exposure limit. No action levels were breached, therefore the current welding practices do not 
require changing, but could use optimization. Recommendations include providing training to 
the welder to modify work practices by moving his face away from the smoke plume during 
welding, if and when possible. An engineering control recommendation includes installing a 
fume hood curtain to help contain smoke that strays outside of the fume hood.           
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1. Introduction 
The first indications of welding in history began during the Middle Ages, where 
specialized workers called blacksmiths used fire to heat metal so it can be molded by the strike 
of a hammer. Evidence of European and Egyptian smith products from the Bronze Age (roughly 
3300-1000 BCE) include welded gold boxes and iron tools, respectively (Cary, 1998). Though 
the method of administering heat to metal may have differed in the past, the basic idea is the 
same. Welding metals together for industrial purposes became commonplace in modern society 
beginning in the 1800’s, which was primarily due to the discovery of acetylene gas to produce 
open working flames (Cary, 1998).  
Oxygen, unlike acetylene, is currently the ideal gas used during welding because it does 
not burn intrinsically, but rather supports and accelerates combustion that facilitates the heating 
of metal. Presently, welding is considered a hazardous activity that poses a health and safety risk 
to over 500,000 workers nationwide in a variety of industries, ranging from ship manufacturing 
to general construction to auto-mechanic repair (OSHA, 2013). Since the formation of the 
Occupational Safety and Health Administration in 1971 by U.S. President Richard Nixon, safety 
practices and regulations described in 29 CFR 1910.252 have been federally enforced to protect 
welders from the various risks associated with the practice. In 1983, the first revision of the 
American National Standards Institute (ANSI) Z49.1:2012, which is the Safety in Welding, 
Cutting, and Allied Processes standard, was created. This standard “…is for the protection of 
workers from injury and illness and the protection of property from damage by fire and 
explosions arising from welding, cutting, and allied processes” (ANSI, 2012). The standard 
specifically explains safe welding practices in the occupational workplace, including protection 
of personnel and those in the general area, ventilation requirements and recommendations, fire 
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prevention requirements and recommendations as well as detailed safety information for specific 
processes, such as oxygen gas welding or arc welding.  
The University of California Santa Cruz has its own mechanic shop to provide 
maintenance and repair to the myriad of University vehicles and buses used on campus. The 
mechanic garage, called Fleet Services, houses workers that frequently weld various metals 
together. Currently, the mechanic garage has an immobile fume hood, half mask air purifying 
respirators with appropriate HEPA P-100 particulate cartridges and N95 particulate masks 
available for workers. The shop is not necessarily enclosed, as the ceiling and one entire wall is 
open, but they are somewhat enclosed as seen in figure 6. After reviewing the standard for 
welding, OSHA 1910.252 and California Code of Regulations 5150, current welding practices 
were reviewed in regards to exposure levels of metal fumes and other gaseous byproducts of 
combustion and welding. The basis of this study was to evaluate the welding practice in the 
mechanics shop on UCSC campus and determine the levels and concentrations of combustion 
gases, metal fumes and other aerosols and to recommend alternative welding practices if needed. 
I hypothesized that welding fume levels, during normal welding operations, do not reach or 
exceed the 8-hour permissible exposure limit set by NIOSH, ACGIH, OSHA and more 
specifically Cal-OSHA.  
 
2. Background 
2.1. Health Effects 
The primary route of exposure for welding is inhalation of metal fumes. “Fumes are solid 
particles that originate from welding consumables, the base metal and coatings present on the 
base metal” (Ashby, 2002). Welding operations produce gaseous and particulate hazards 
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containing metals and reactive oxygen species (Hsiu-Ling, 2013).  Small smoke particles enter 
the respiratory tract and become deposited, via processes such as diffusion or impaction, and thus 
become absorbed through the capillary-rich lungs into the bloodstream. As these inhaled toxic 
particles contact the lining of the lungs, cell damage occurs and can lead to acute or chronic 
injury, such as pulmonary edema or obstructive pulmonary disease, respectively (Klaassen, 
2013). In general, “welding smoke can irritate the eyes, nose, chest and respiratory tract, and 
cause coughing, wheezing, shortness of breath, bronchitis, pulmonary edema, and pneumonitis. 
Gastrointestinal effects, such as nausea, loss of appetite, vomiting, cramps, and slow digestion 
have also been associated with welding (TDI, 2014). Welders experience respiratory problems 
that are caused by inhaling fumes from burning metals without adequate PPE and/or engineering 
controls, such as a local exhaust ventilation system. Other hazards associated with welding 
include high heat exposure, fire and explosions, tripping or falling over equipment, and minor 
electrical hazards.  
2.2. Sampling for Welding Fumes 
Welding fumes are typically sampled using a Mixed Cellulose Ester cassette filter, which 
is attached to a pump that draws air into a 37mm MCE sample cassette that is sent to a lab for 
analysis after sampling. The method of analysis is the NIOSH 7303 method, which utilizes nitric 
and hydrochloric acids to digest the cassette followed by inductive coupled plasma analysis. The 
standard metals analyzed by labs are Beryllium, Cadmium, Cobalt, Chromium, Copper, Iron, 
Manganese, Molybdenum, Nickel, Lead, Antimony, Vanadium and Zinc. The toxicokinetics, or 
movement of poisons through the body, of all thirteen metals primarily involve inhalation and 
subsequent absorption through the lungs following deposition (Klaassen, 2013). Each of these 
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metals is used in modern welding practices for various reasons, and all metals can cause acute 
and/or chronic effects after exposure. 
2.3. Hazards of Metal Fumes 
Beryllium is used as an alloying, or binding, agent for copper to other base metals and 
can cause an acute injury of chemical pneumonia (Ashby, 2002). Chemical pneumonia is a 
severe inflammation of the upper respiratory tract. Chronic exposure to beryllium may cause 
CBD, or chronic beryllium disease, which is characterized by a frequent coughing, chest pain, 
fatigue and general weakness (Klaassen, 2013). In addition, beryllium is a known human 
carcinogen, as identified by the National Toxicology Program and the International Agency for 
Research on Cancer (ACS, 2014).  
Cadmium is mainly used as a preventive agent against rust on metal surfaces, otherwise it 
is not often found on metals used for welding. Acute symptoms include nausea, vomiting, and 
abdominal pain in addition to pulmonary edema, and chronic exposure includes obstructive 
pulmonary disease. Cadmium’s target organ toxicity, or the ultimate destination of bodily 
damage from cadmium exposure, includes the kidneys, the brain and the cardiovascular system 
(Toxicology). Cadmium is analogous to beryllium in that it is also classified as a known human 
carcinogen (ACS, 2014).  
Chromium is normally found in a trivalent state, where it is used in industrial processes 
such as welding (ATSDR, 2012). This isotope of chromium is naturally occurring and not 
necessarily harmful, except in large doses or over long periods of time. Chromium VI, however, 
is highly toxic and another designated known human carcinogen (NTP, 1980). Exposure to 
chromium III in high quantities or chromium VI can lead to acute renal failure as well as kidney 
damage (Klaassen, 2013).  
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Iron is a very common alloy or material used for welding, in addition to being a 
ubiquitous metal. During welding, iron fumes form iron oxide, which is often a product of the 
base metal and the electrode used. The fumes from iron oxide exposure can lead to severely 
adverse health effects, including silicosis of the lungs, hepatic cirrhosis, siderosis, hepatocellular 
carcinoma, and cardiovascular disease or cardiomyopathy (Klaassen, 2013).  
Lead is analogous to iron with respect to the formation of lead oxide after combustion 
from welding occurs. Common in welding because of its use as alloys or paint coatings, lead can 
lead to severe adverse health effects that deleteriously impact the brain, central nervous system, 
circulatory system, reproductive system, kidneys and muscles (ATSDR, 2007). Symptoms of 
lead poisoning include having a metallic taste in mouth, nausea, abdominal cramps, anemia, 
fatigue, especially in the ankles and wrists (Ashby, 2002). Accompanied by previously 
mentioned metals, lead is also a probable carcinogen to humans, though not completely proven 
to be known (Klaassen, 2013).  
Nickel is a naturally occurring metal that is present in many commercial products, like 
watches and batteries, as well as stainless steels and alloy metals for welding. As it is heated 
beyond 200°C, nickel becomes nickel carbonyl, which is extremely toxic and can cause both 
acute and chronic toxicity (Klaassen, 2013). Symptoms may include chronic bronchitis, reduced 
lung function, and lung cancer for those who have inhaled nickel dust (ATSDR, 2005). Other 
symptoms include “…increase risk of lung, nasal and larynx cancer; respiratory irritation, 
increased respiratory infection, pulmonary fibrosis, bronchial asthma, and allergic contact 
dermatitis” (AIHA, 2011). As previously mentioned, lung cancer is a potential side effect of 
nickel exposure as it is a known human carcinogen as determined by the International Agency 
for Research on Cancer (ACS, 2014).  
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Cobalt is an essential nutrient to mammals, in small amounts, and is often a byproduct of 
nickel or copper mining (Klaassen, 2013). Cobalt is vitally present in vitamin B12 and is also 
used for treating anemia, however it can inflict asthma, pneumonia and severe wheezing after 
prolonged exposure (ATSDR, 2004). Although it is known that the inhalation of cobalt dust can 
cause harmful respiratory effects, its carcinogenic properties are not absolutely determined.  
Copper’s deleterious effect is primarily centralized in the gastrointestinal tract, though it 
is also proven to irritate the respiratory tract (ATSDR, 2004). In addition, exposure to copper can 
lead to conditions such as Menkes disease or Wilson disease, which respectively block copper 
supply to the brain, tissues and organs and the liver (Klaassen, 2013). Copper is eventually 
removed from the body via bile and feces.   
The most common health problems associated with manganese exposure are damage to 
the central nervous system and brain, in addition to lung irritation and pneumonia (ATSDR, 
2012). The brain is a target organ for manganese, meaning that exposure of this metal in the 
lungs or on the skin will ultimately damage the brain once the body has attempted to decompose 
it. Manganese exposure hastens neurotoxic effects and affects neurons that rely of dopamine as a 
neurotransmitter, which is a similar process as Parkinson’s disease (Klaassen, 2013). “The 
neurotoxicity of manganese has been well known for decades, particularly in the case of 
manganism, a more overt condition resulting from very high exposure and often seen among 
miners.” (AIHA, 2011). Despite these potential harmful effects, manganese is not considered a 
carcinogen by any major regulatory authority.  
Zinc is used in large quantities commercially; generally it’s involved with the 
manufacturing of brass, galvanized metals and other alloys. “Exposure to (zinc) fumes is known 
to cause metal fume fever”, with symptoms similar to the common flu (Ashby, 2002). Typically, 
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other symptoms from zinc exposure include cough, aching, fatigue, general weakness, and 
nausea, and usually wear away after 24 hours. Zinc, like cobalt and copper, is necessary to a 
degree for optimal human health, but excessive exposure can be deleterious (ATSDR, 2005).  
Antimony is a minor toxic metal, meaning its toxicity is not as severe as the 11 metals 
previously discussed. After absorption through the lungs, antimony metal reaches its target 
organs, being the liver, kidney, lung, spleen and blood (Klaassen, 2013). Antimony is not a 
known carcinogen to humans; however exposure studies on animals show that rats, rabbits and 
guinea pigs died shortly after ingestion, and dogs survived with gastrointestinal discomforts that 
lasted several weeks (ATSDR, 1992).  
Like antimony, molybdenum has a low toxicity and does not easily produce deleterious 
effects after exposure, unless chronic. Chronic exposure to molybdenum can ultimately result in 
pneumoconiosis, which is the extreme case (Klaassen, 2013). Based on the IARC, molybdenum 
is not a classified carcinogen to humans.  
Vanadium, another lesser toxic metal, has no biochemical process in humans and is only 
essential for microorganisms and bacteria. Inhalation exposure of vanadium can result in 
“…gastrointestinal distress, nausea, vomiting, abdominal pain, cardiac palpitations, tremors, 
nervous depression and kidney damage…” (Klaassen, 2013). In addition, vanadium is not a 
listed human carcinogen, which is analogous to antimony and molybdenum metals. 
A summary of hazardous effects from metal fume exposures can be seen below in table 1.       
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Table 1: Acute and chronic effects of metal fumes. Sourced from Adal, 2015. 
Metals Acute Exposure Chronic Exposure 
Arsenic Nausea, vomiting, 
diarrhea, encephalopathy, 
MODS, neuropathy 
Diabetes, cancer: lung, 
bladder, skin, encephalopathy 
Bismuth Renal failure, tubular 
necrosis 
Diffuse myoclonic 
encephalopathy 
Cadmium Pneumonitis (oxide 
fumes) 
Proteinuria, lung 
cancer, osteomalacia 
Chromium Gastro Intestinal 
hemorrhage   
Pulmonary fibrosis, 
lung cancer 
Cobalt Cardiomyopathy Pneumoconiosis 
(inhaled); goiter 
Copper Blue vomitus, Gastro 
Intestinal irritation/ 
hemorrhage, hemolysis, 
MODS (ingested); MFF gene 
abnormality 
Vineyard sprayer’s 
lung (inhaled); Wilson disease 
(hepatic and basal ganglia 
degeneration) 
Iron  Vomiting, GI 
hemorrhage, cardiac 
depression, metabolic 
acidosis 
 
Hepatic cirrhosis 
Lead Nausea, vomiting, 
encephalopathy (headache, 
seizures) 
Encephalopathy, 
anemia, abdominal pain, 
nephropathy 
Manganese MFF gene abnormality Parkinson-like 
syndrome 
Mercury Fever, vomiting, 
diarrhea 
Nausea, gingivo-
stomatitis, tremor, 
neurasthenia, nephrotic 
syndrome; hypersensitivity 
(Pink disease) 
Nickel Dermatitis, 
myocarditis, encephalopathy 
Occupational 
pulmonary fibrosis, 
nasopharyngeal tumors 
Selenium  Caustic burns, 
pneumonitis, hypotension 
Paresthesia, 
hemiplegia 
Silver Hemorrhage, bone 
marrow suppression, 
pulmonary edema 
Discoloration of skin, 
mucosae 
Thallium Vomiting, diarrhea, 
coma, autonomic instability 
Residual neurological 
symptoms 
Zinc MFF, vomiting, 
diarrhea, abdominal pain 
Anemia, neurological 
degeneration, osteoporosis 
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2.4. Welding Standard 
OSHA’s welding safety standard, 29 CFR 1910.252, and the American Welding 
Society’s standard, ANSI Z49.1, require the use of certain controls in any situation where 
welding occurs in the occupational workplace. The code states that “local exhaust or general 
ventilating systems shall be provided and arranged to keep the amount of toxic fumes, gases or 
dusts below the maximum allowable concentration as specified in 1910.1000 of this part” 
(OSHA, 2013). Ventilation is the primary engineering control that can be successfully used to 
mitigate welding hazards in any, confined or otherwise, given area. In addition, it is 
recommended that coated metals or electrodes are not used for welding as it leads to an increase 
of fumes and thus potential exposure to a worker, and required that all welding metals are 
labeled with any alloy metals or coatings. The standard also specifically describes actions 
necessary for welding near fire or ignition sources, welding in confined spaces and having a 
firewatcher, who is a worker equipped with a fire extinguisher that constantly monitors the 
welder to ensure that a fire isn’t produced from the heat and sparks. The standard also 
specifically describes, under subpart Q, that workers appropriately equip themselves with “fire-
resistant gauntlet gloves, high-top hard-toed shoes, leather apron, faceshields, flame-retardant 
coveralls, safety glasses, helmets and leggings or high boots.” (TDI, 2014).  
 
3. Literature Review 
3.1. Ventilation 
The purpose of this study, an intervention assessment of metal fume exposure, is to 
evaluate the practice of and recommend appropriate controls for single instances of hard-face 
welding in an auto garage.  A study conducted in 2013 by Lehnert et. al. in “Reduction in 
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welding fume and metal exposure of stainless steel welder” revealed the drastic differences using 
proper local exhaust ventilation and air purifying respirators during welding can make. Twelve 
welders were examined, via personal sampling in the breathing zone during welding and via 
blood and urine samples in 2008. In 2011, the same sampling was conducted and compared after 
health protection was improved (Lehnert et. al., 2013). The results show dramatic decreases in 
Manganese, Chromium and Nickel exposure concentrations, which can result in acute and 
chronic health conditions if inhaled through the lungs as described in the background section, or 
table 1. Data in their study also revealed, through area sampling, that background levels of metal 
fumes add considerably to a worker’s exposure (Lehnert et. al., 2013). The importance of 
mitigating background levels of metal welding fumes, as described in Lehnert et. al.’s study, is 
what prompted this analysis of hard-face welding practices in a mechanic garage.  
A fume hood, located above the welder’s table, is the primary engineering control in the 
setup of this study, as seen in figure 4. A literature review study by Flynn and Susi in 2012 called 
“Local Exhaust Ventilation for the Control of Welding Fumes in the Construction Industry” 
emphasizes the importance of local exhaust ventilation and further stresses the need for 
engineering controls to be located as close to the point of fume generation as possible (Flynn and 
Susi, 2012). Their study incorporates information taken from over 40 research papers on the 
subject and highlights common themes regarding the subject of industrial ventilation, specific to 
construction. Furthermore, work practices are also an important consideration for welding. 
“However, as a practical matter, positioning where one stands relative to the weld plume may be 
difficult to control given natural air movements and the degree to which job requirements and the 
work environment constrain movement” (Flynn and Susi, 2012). Though further studies are 
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recommended, Flynn and Susi’s study reaffirms the importance of using adequate engineering 
controls and personal protective equipment when welding.  
3.2. Chemical Fume Exposure Effects 
A study regarding health effects caused by welding stainless steel, called “Effect of 
stainless steel manual metal arc welding fume on free radical production, DNA damage, and 
apoptosis induction”, by Antonini et. al. in 2005 shows the biological reaction of in vitro and in 
vivo human cells to a sample of stainless steel welding fume taken from a skilled welded during 
manual metal arc welding. In vitro treatment of the sample showed DNA damage and lung 
macrophage death (Antonini et. al., 2005). In vivo treatment also showed DNA damage and 
apoptosis induction. In general, their study shows an increased generation of reactive oxygen 
species and DNA damage, which are common symptoms that historically can lead to lung cancer 
(Antonini et. al., 2005).  Another study further emphasizes the importance of utilizing all 
possible controls, especially personal protection equipment, during welding to avoid exposure to 
metal fumes, including nickel, aluminum and chromium metal, called “Biological effect markers 
in exhaled condensate and biomonitoring in welders” by Gube et. al. in 2010. Their study 
compared biological readings, exhaled breath condensate, blood and urine samples, of 45 
welders to 24 non-exposed persons acting as controls. This revealed that although concentration 
levels of aluminum, nickel and chromium metal were relatively low, they are significantly larger 
than those of the non-exposed controls and can ultimately lead to acute or chronic health effects 
over time (Gube et. al., 2010).  
A genetic study called “Gene expression analysis in induced sputum from welders with 
and without airway-related symptoms” by Jonsson et. al. in 2010 exposure to metal welding 
fumes in the lower airway of the respiratory system altered gene function in inflammatory and 
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defense response. Alterations of gene function with respect to inflammation are a common 
precursor to carcinogenic effects. A total of 25 welders were sampled twice, over time, in their 
study and sputum samples were compared between 14 with and 11 welders without symptoms. 
Although the comparison of gene function from sputum samples between those with and without 
airway-related problems did not reach significance, it became apparent that gene function is 
altered after general exposure to welding fumes (Jonsson et. al., 2010). Further studies are 
required to determine the exact mechanism for symptoms related to welding fumes in the lower 
airways. 
A study conducted by Fernandez-Nieto et. al. in 2005 called “Occupational asthma due to 
chromium and nickel salts” shows a correlation between occupational asthma in workers 
exposed to potassium dichromate and nickel salts. In their study, four workers were subjected to 
skin-prick tests and specific inhalation challenges of the two salts previously mentioned, and all 
patients had a bronchial hyperresponse. Their sources show that occupational asthma has been 
documented amongst workers in the electroplating, stainless steel, concrete or construction, and 
metal plating industries (Fernandez-Nieto et. al., 2005). The latter industry is suspected because 
of the nickel content in metal platings. A second study by Gube et. al. in 2012 called 
“Experimental exposure of health subjects with emissions from a gas metal arc welding process” 
also emphasizes the deleterious effects of nickel and chromium exposure with regards to the 
inflammatory response of the human body. Their study served as a baseline for comparing other 
exposures to, however, …”the subjects showed significantly increased concentrations of these 
metals in urine after exposure to welding fume compared to the values at baseline” (Gube et. al., 
2012).  
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Thus far, many studies focus on the toxicity of nickel and chromium, as well as 
aluminum and manganese, in terms of altering inflammatory response or gene function in the 
human body, leading to occupational asthma, or developing other adverse respiratory effects. 
This is especially important as these effects are often symptoms of developing carcinogenic 
health problems. Studies also show that exposure to these metal fumes can be severely reduced 
via use of local exhaust ventilation and respiratory protection. In addition to implementable 
controls, work practices during welding can greatly influence the degree of exposure and are thus 
equally important to consider when developing a safety plan or safety culture.   
 
4. Research Design 
4.1. Design Background 
The supervisor in the mechanic garage on UCSC campus received employee reports of 
odors and concerns about potential welding fume exposures when welding was taking place. The 
supervisor then informed the Environmental Health and Safety office for follow-up. A fume 
hood, as seen in figure 4, is currently the primary engineering control used during welding and 
the worker uses a half face air purifying respirator with a HEPA P-100 particulate filter cartridge 
for added PPE protection. The fume hood is an inline cabinet fan model CSP-A2150 from 
Greenheck, see Appendix C.  
The working space is not enclosed, as the ceiling and garage doors are open, but there are 
three walls that roughly create an enclosure. The layout of the garage can be seen in figure 6. As 
an employee of the Environmental Health and Safety department on UCSC campus, I decided to 
sample the welder for metal fume exposure; this specific study focused on hard-face welding for 
a period of roughly one hour and ten minutes. Hard-face welding differs from standard welding 
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because it’s depositing an electrode to join two pieces together, thus adding to the total amount 
of fumes releasing by metal when burned (WIC, 2004). The MSDS for the electrode used by the 
welder, from Rankin Industries, is attached in Appendix A; the base metal is steel. 
4.2. Equipment 
Equipment to conduct the sampling included an anemometer for fume hood testing from 
TSS, Technical Safety Services, which measures air velocity in feet per minute and is calibrated 
annually; a Q-Trak air quality monitor that essentially measures and records ambient 
temperature, humidity, and Carbon Dioxide levels in ppm; and a 37mm three-piece MCE 0.8 
micron cassette filter that was attached to a Forensic Analytical pump that was calibrated to 2 
liters per minute for both personal and area monitoring while hard-face welding occurred. The 
pump was connected to the welder’s belt, and the sample cassette was positioned in the welder’s 
breathing zone. The pump was calibrated by connecting Forensic Analytical’s rotameter to the 
sample cassette that is attached to the pump itself, creating a calibration train. The pump is then 
activated and adjusted, using a screwdriver, based on the readout of the rotameter’s flow gauge, 
which must read 2.1 L/min for the pump to actually draw 2 L/min of air. Furthermore, I used a 
notepad for documenting information and my cellular device for taking pictures and video.  
4.3. Sampling Procedures 
All sampling was conducted in the fleet services garage on the campus of University of 
California Santa Cruz during normal welding operations that occur as part of the standard routine 
of the worker. A rented Forensic Analytical pump was used and pre-calibrated to 2 L/min using a 
Forensic Analytical rotameter. Then, a MCE filter cassette, as previously mentioned, was 
attached to the pump inlet and clipped to the breathing zone of the welder. A second pre-
calibrated pump was used to attach a second MCE filter cassette to sample the area above the 
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welding action and below the fume hood draw zone. This was mainly to test whether any metal 
fumes are escaping the draw of the fume hood and contaminating the rest of the garage, however, 
air velocity measurements in the capture point of welding fume generation will ultimately 
determine the efficiency of the fume hood. The Q-Trak air monitor was placed on the welder’s 
bench, as seen in figure 4, in order to ensure that temperature, humidity and Carbon dioxide 
levels were not fluctuating beyond or below normal limits. This study focused on just one welder 
during one trial of hard-face welding, because he is the only welder on campus and he conducts 
hard-face welding just once per year for about the same time as the total sampling time. 
Although the sample size is small, hard-face welding can present a great hazard due to the high 
volume of smoke produced from the metal and thus this instance of welding was the focus of the 
study.   
When all the equipment was running and in proper position, the welding operation began. 
Both MCE cassette filters, the personal and area samples, were observed and replaced when the 
filters became saturated with fumes and turned a yellowish color. If filters become too saturated 
with welding fumes, it’s possible that the data following analytical process NIOSH 7303 for 
examining the fume exposure can be distorted or lost. During sampling, each MCE cassette was 
replaced twice, resulting in a total of 6 cassettes between the personal and area sampler.  
In addition to taking metal fume readings, an anemometer was used to test the average 
velocity of air flow in the local exhaust ventilation above the welder’s bench, as seen in figure 4. 
There is a centralized duct that draws air from the center of the hood as seen in figure 5; 
therefore air velocity testing measured the base level towards the edge of the hood, the middle of 
the hood and finally the opening of the duct. The outlier measurement provides some data 
regarding the draw of the hood and its ability to capture smoke that may veer away from the 
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center or main duct and thus contaminate the general area around the welder, which can be seen 
in figure 7. Finally, air velocity measurements were taken at the capture point of welding fume 
generation, which is roughly one foot above the piece of metal being welded. These 
measurements also provide information regarding the efficiency of the hood’s ability to draw the 
fumes away from the welder and out of the garage.  
At the conclusion of sampling, the cassettes were capped and sent to Forensic Analytical 
laboratories and analyzed, using the NIOSH 7303 acid digestion method, for metal fume 
concentration over the duration of welding; sample and shift concentration time weighted 
average of metal fumes were then calculated for comparison to various permissible exposure 
limits in the occupational workplace. In addition to integrated laboratory data, the Q-Trak 
monitor provides a digital read out of the air quality results that were measured during the 
welding operation.  
 
5. Results 
5.1. Total Exposure 
The equation for calculating Time Weighted Averages, as defined in 29 CFR 
1910.1900(d)(1)(i): 
E = (Ca Ta+Cb Tb+. . .Cn Tn) ÷ TTotal              (1) 
Where C = Concentration (ppm or ug/m³), T = Time (hrs), and E = Exposure.  
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Table 2: A summary of sample time weighted average results for 13 metals. Sample 
time was 57 minutes. 
Name of Metal Sample Time Weighted 
Averages for Personal 
Samples in units ug/m³ 
Samples Time Weighted 
Averages for Area Samples 
in units ug/m³ 
Beryllium < LOD < LOD 
Cadmium < LOD < LOD 
Cobalt < LOD < LOD 
Chromium 285.58 467.47 
Copper < LOD 6.63 
Iron 5153.68 7214.74 
Manganese 201.26 367.58 
Molybdenum < LOD < LOD 
Nickel < LOD < LOD 
Lead < LOD < LOD 
Antimony < LOD < LOD 
Vanadium < LOD < LOD 
Zinc < LOD < LOD 
 
Raw Data can be found in Appendix B. 
Beryllium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Cadmium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Cobalt = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Chromium = [(190)(0.42 hrs) + (300)(0.28 hrs) + (430)(0.25 hrs)] / 0.95 hrs = 285.58 
Copper = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Iron = [(3600)(0.42 hrs) + (5300)(0.28 hrs) + (7600)(0.25 hrs)] / 0.95 hrs = 5153.68 
Manganese = [(130)(0.42 hrs) + (220)(0.28 hrs) + (300)(0.25 hrs)] / 0.95 hrs = 201.26 
Molybdenum = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Nickel = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Lead = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Antimony = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Vanadium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
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Zinc = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] =  < LOD 
 
These samples were measured from the breathing zone of the welder while actively 
welding, by a pump calibrated to 2 liters per minute. All results are in micrograms per cubic 
meter. 
 
Beryllium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Cadmium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Cobalt = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Chromium = [(400)(0.42 hrs) + (370)(0.28 hrs) + (690)(0.25 hrs)] / 0.95 hrs = 467.47 
Copper = [(15)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 0.95 hrs = 6.63 
Iron = [(6500)(0.42 hrs) + (5800)(0.28 hrs) + (10000)(0.25 hrs)] / 0.95 hrs = 7214.74 
Manganese = [(310)(0.42 hrs) + (300)(0.28 hrs) + (540)(0.25 hrs)] / 0.95 hrs = 367.58 
Molybdenum = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Nickel = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Lead = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Antimony = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Vanadium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] = < LOD 
Zinc = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] =  < LOD 
 
These samples were measured from a short distance away from the welding zone, where 
metal welding fumes may escape from the fume hood’s air intake. All results are in micrograms 
per cubic meter. 
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5.2. Time Weighted Averages 
Table 3: A summary of 8-hour TWAs from analytical sampling results for all 13 
metals. Total sample time was 57 minutes. 
Name of Metal 8-Hour TWA for Personal 
Samples in units ug/m³ 
8-Hour TWA for Area 
Samples in units ug/m³ 
Beryllium < LOD < LOD 
Cadmium < LOD < LOD 
Cobalt < LOD < LOD 
Chromium 33.91 55.51 
Copper < LOD 0.79 
Iron 612 856.75 
Manganese 23.90 43.65 
Molybdenum < LOD < LOD 
Nickel < LOD < LOD 
Lead < LOD < LOD 
Antimony < LOD < LOD 
Vanadium < LOD < LOD 
Zinc < LOD < LOD 
 
Raw data can be found in Appendix B. 
Beryllium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Cadmium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Cobalt = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Chromium = [(190)(0.42 hrs) + (300)(0.28 hrs) + (430)(0.25 hrs)] / 8 hrs = 33.91  
Copper = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Iron = [(3600)(0.42 hrs) + (5300)(0.28 hrs) + (7600)(0.25 hrs)] / 8 hrs = 612 
Manganese = [(130)(0.42 hrs) + (220)(0.28 hrs) + (300)(0.25 hrs)] / 8 hrs = 23.90 
Molybdenum = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Nickel = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Lead = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Antimony = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
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Vanadium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Zinc = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs =  < LOD 
 
These samples were measured from the breathing zone of the welder while actively 
welding, by a pump calibrated to 2 liters per minute. All results are in micrograms per cubic 
meter. 
 
Beryllium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Cadmium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Cobalt = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Chromium = [(400)(0.42 hrs) + (370)(0.28 hrs) + (690)(0.25 hrs)] / 8 hrs = 55.51  
Copper = [(15)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = 0.79 
Iron = [(6500)(0.42 hrs) + (5800)(0.28 hrs) + (10000)(0.25 hrs)] / 8 hrs = 856.75 
Manganese = [(310)(0.42 hrs) + (300)(0.28 hrs) + (540)(0.25 hrs)] / 8 hrs = 43.65 
Molybdenum = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Nickel = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Lead = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Antimony = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Vanadium = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs = < LOD 
Zinc = [(0)(0.42 hrs) + (0)(0.28 hrs) + (0)(0.25 hrs)] / 8 hrs =  < LOD 
These samples were measured from a short distance away from the welding zone, where 
metal welding fumes may escape from the fume hood’s air intake. All results are in micrograms 
per cubic meter. 
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Table 4: OSHA Permissible Exposure limits of metal fumes. Sourced from Ashby, 
2002.  
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Comparing tables 3 and 4 shows that the exposure, in micrograms per cubic meter, of 
these 13 metal fumes to the welder and other workers in the same vicinity are well below 
OSHA’s, Cal-OSHA’s, NIOSH’s and ACGIH’s 8-hour Permissible Exposure Limit-Time 
Weighted Average. The results of this study are consistent with my hypothesis, that an 8-hour 
weighted permissible exposure limit of metal fumes will not be reached or exceeded for the 
welder or other workers in the general area. This is supported by data of 13 metal MCE cassette 
filter analysis for personal and area sampling, seen in Appendix B, which is calculated and 
summarized above.  
Two limits were breached by exposure to Iron oxide fumes and Manganese fumes for 
personal exposure total (table 2) measuring greater than 5000 ug/m³ and 100 ug/m³, respectively. 
Both exposures, however, breach the sample time weighted average, which is only 57 minutes, 
and not the 8-hour TWA. If the welder was conducting the same work for 8-hours, then this 
would be an official violation of permissible exposure limits. In addition, the personal samples 
were measured on the outside of the welder’s respirator with HEPA P-100 filters, which would 
reduce the fume concentration ever further, though not measured.    
Table 4 contains information dating back to 2002, however, the PEL values are entirely 
accurate. 
5.3. Ventilation 
Ventilation readings were taken in two positions. The first was at a level flush with the 
base of the fume hood, seen in figure 5, in three different locations and the second at the capture 
point of welding fume generation. Each location received three different readings, using the 
anemometer, and was averaged. The first set of readings was measured directly underneath the 
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air intake, then halfway between the intake and the edge, then just before the edge. The averages 
are as follows: 
Table 5: Average readings of air velocity in fume hood during hard-face welding. 
Taken with an anemometer from TSS. 
Location of Measurement Average Reading (Ft / Min) 
Directly underneath air intake duct 840 
Halfway between intake and edge 215 
Edge of fume hood 85 
 
The capture point air velocity readings, taken one foot above the point of welding fume 
generation, are 15 ft/min, 32 ft/min and 18 ft/min, which averages to 21.67 ft/min. The ANSI 
recommended capture velocity for welding is 100-200 ft/min. The fume hood dimensions are 8’ 
by 4’, resulting in a perimeter measuring 24 feet. Additionally, the fume hood face is 4.5 feet 
above the capture point. Using the following equation, the total volume flow is as follows: 
Qcfm = 1.4 PVD                 (2) 
Where P = perimeter of fume hood (ft), V = average velocity (ft/min) and D = height 
above work. Therefore Qcfm = 1.4 (24 ft)(21.67 ft/min)(4.5 ft) = 3276.50 ft³/min. 
Most importantly, the capture point velocity is significantly below the ANSI 
recommended flow for welding and will be addressed in the discussion of this report.     
5.4. Air Quality 
The Q-Trak air monitor was placed on the same table as the welding operation, as seen in 
figure 4. Information from the air quality monitor shows that the relative humidity in the welding 
area stayed relatively constant, as depicted in chart 3. The lowest point was 44.1 % humidity and 
the highest point was 52.9 % humidity, with an average of 48.20 % humidity. There were some 
temperature fluctuations, as depicted in chart 2, but nothing significant. The lowest point was 
60.9°F and the highest point was 68.2°F with an average of 64.31°F. Finally, chart 1 depicts the 
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concentration of carbon dioxide, in parts per million, during welding. The lowest point was 396 
ppm and the highest point was 467 ppm with an average of 410.14 ppm, which is well below the 
5000 ppm PEL-TWA of CO2. 
 
 
 
 
Data graphed from the Q-Trak air quality monitor during hard-face welding sampling is 
shown below: 
 
Figure 1: Carbon Dioxide measurements over 90 minutes of welding time. 
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Figure 2: Temperature (F°) recorded in general area over 90 minutes of welding 
time. 
 
Figure 3: Relative humidity recorded in general area over 90 minutes of welding 
time. 
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6. Discussion 
6.1. Literature 
Of the 13 metals tested during hard-face welding, only 4 were detectable concentrations 
following MCE cassette analysis by NIOSH 7303 method of acid digestion and they include 
Chromium, Copper, Iron and Manganese. A study conducted by Gube et. al. in 2012 emphasizes 
the correlation between Chromium and Nickel welding fumes with negatively affected 
inflammatory responses by the body. Although the sampled Chromium and Manganese 
concentration in this study is an important factor, the levels of said metals do not exceed any 8-
hour permissible exposure limits. The personal sample breaches of fume concentrations for 
Chromium and Manganese based on Cal-OSHA and ACGIH OELs only apply to the sample 
time weighted average, which is roughly an hour. Hard-face welding is rarely performed by the 
welder in this study at once per year for about the same time as the sample time, roughly one 
hour. 
A separate study by Fernandez-Nieto et. al. in 2005 displays a strong relationship 
between Chromium and Nickel welding fume exposure with occupational asthma. These 
published papers, however, sampled full-time welders and this study sampled for a single 
instance of hard-face welding. Chemical fumes, even for a small duration, can lead to acute 
health effects. A study by Jonsson et. al. in 2010 describes the relationship between exposure to 
metal welding fumes in the lower airway of the respiratory system and altered gene function in 
inflammatory and defense response. More research regarding exposure to welding metal fumes 
and adverse health effects are described in a study by Antonini et. al. in 2005, where reactive 
oxygen species and DNA damage was occurring following welding fume exposure. Therefore, 
the high degree of smoke and fumes emitted during hard-face welding is cause enough to 
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warrant this study in light of these results. Though one hour is a short sample time, acute health 
effects can develop after large exposures in a short time. 
Flynn and Susi conducted a literature review upon the subject of local exhaust ventilation 
in 2012, concluding that in addition to using adequate engineering controls and personal 
protective equipment when welding, “Positioning oneself outside of the welding plume is an 
important work practice to instill in apprentice welders as early as possible” (Flynn and Susi, 
2012). Another study conducted in 2013 by Lehnert et. al. over a period of several months 
reveals the effective reduction of welding fume exposure when using local exhaust ventilation 
and appropriate PPE. Looking at figure 8, it’s evident that the welder in this study is not clear of 
the welding plume during welding and can modify his work practice. However, the hard-face 
welder in this instance was using local exhaust ventilation and an air purifying respirator with 
HEPA P-100 filters to fully protect himself.  
6.2. Exposure Breaches 
Chromium, Nickel and Aluminum are common byproducts of stainless steel and hard-
face welding. Appendix B shows that Chromium metal, Nickel and Manganese are present in the 
electrode used by the welder from the mechanic shop. However, tables 2 and 3 reveal that only 
Chromium metal, Iron and Manganese produced readable results from the analysis of filters in 
the welder’s breathing zone. In addition, the welder was wearing an air purifying respirator with 
a HEPA P-100 filter that even further reduces the exposure concentration of welding fumes. The 
reading of 201.26 ug/m³ for Manganese, in table 2, is a high reading that alone exceeds the 
ACGIH TLV-TWA. The TWA is an 8-hour average, however, so the TWA value for Mn in this 
study is 23.90 ug/m³ over 8 hours, and is well below the ACGIH TLV-TWA of 100 ug/m³. 
Similarly, the reading of 5153.68 ug/m³ for Iron oxide fumes, in table 2, exceeds the Cal-OSHA, 
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NIOSH and ACGIH TWAs. However, the 8-hour weighted exposure if 612 ug/m³ for Iron oxide 
is well below all exposure limits.  
6.3. Ventilation 
Without adequate local exhaust ventilation, “…workers may be at increased risk for a 
variety or preventable occupational illnesses such as lung cancer and occupational asthma from 
hexavalent chromium and nickel or neurological illnesses associates with manganese” (AIHA 
1442). Due to the Chromium metal and Manganese exposure results, which can cause 
occupational asthma or neurological illnesses, the effectiveness of the local exhaust ventilation 
during welding is important to assess.  
The primary measurement that determines the effectiveness of a fume hood’s ability to 
draw harmful fumes away from the welder and others in the general vicinity is the air velocity at 
the capture point, and not the face velocity readings. The recommended air velocity at the 
capture point to safely work with welding fumes, as recommended by the American National 
Standards Institute, is 100-200 ft/min. The measured air velocity at the capture point of this study 
was 21.67 ft/min, which is basically a fifth of the recommendation’s lower end. Therefore, 
changes must be made to the fume hood in this instance for ventilation to be effective. 
Comparing both columns of table 2, being the sample weighted average concentration of 
welding metal fumes in the worker’s breathing zone and at the edge of the fume hood, shows that 
metal fume concentration was higher towards the edge of the hood than at the welder’s breathing 
zone. Regardless of the mechanism, there was smoke that was gathering and lingering in the 
back of the mechanic garage during the observation of the practice, as illustrated in figure 7. To 
add further evidence, the welder himself noticed it and remarked that smoke frequently escapes 
the fume hood’s draw.  
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Table 5 shows the air velocity readings, taken with an anemometer, from an average of 3 
counts per location in the fume hood used for this study. The first measurement was located 
directly underneath the air intake duct, the second halfway between the duct and the edge, and 
finally at the very edge, and the respective measurements are 840 ft/min, 215 ft/min and 85 
ft/min. As is the case with chemical fume hoods, a strong air flow can create turbulence and 
allow smoke or vapors to escape. It’s possible that the hood’s fast airflow causes some smoke to 
divert away from the central duct and move towards the sides, where the speed decreases, until 
the smoke can escape the hood altogether. Theories aside, other workers in the garage do not 
wear respirators during hard-face welding and are not offered the same protection as the welder, 
which supports the recommended implementation of a control that prevents smoke from 
escaping the fume hood. 
6.4. Recommendations 
Although no 8-hour permissible exposure limits were reached or exceeded during the 
hard-face welding sampling, the current engineering and administrative controls can be improved 
for decreased individual and area exposure.     
Training, as an administrative control, may be conducted for the welder(s) to modify 
work practices by physically turning away from the smoke plume that is produced. Though not 
necessary, the individual exposure would be highly reduced and HEPA P-100 filters would have 
to be replaced less frequently as they saturate slower. Wind and/or specific work angles can 
make it difficult to physically divert the face, but hard-face welding as observed in this study was 
conducted in a set location within a mechanic garage, making training warranted. 
Engineering controls include installing a fume hood curtain and/or plenum chamber 
around the perimeter of the fume hood. The addition of a plenum chamber would significantly 
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increase the capture velocity and possibly meet the ANSI recommended capture point velocity 
for welding operations. This would effectively produce a border that would trap in the metal 
fumes until they are drawn into the intake duct, and prevent the opportunity for smoke to escape 
into the garage. Thus, workers in proximity that aren’t protected with respirators would 
experience reduced exposure, and general background levels of metal fumes would be reduced 
during welding. Plenum chambers can be expensive; therefore other options could be researched 
to help increase the capture point velocity for welding fumes. Fume hood curtains are also 
economical and easy to install, which strengthens this recommendation.          
6.5. Limitations 
The main limitation with regards to sampling is the amount of time the study lasted, 
which was 57 minutes. Time weighted averages are weighted for an 8-hour workday, meaning 
more time sampled yields more accurate results. The sample time of this study must therefore be 
extrapolated over 8-hours, which leads to less accurate results than a longer sample time. 
However, analyzing MCE filters is costly and 6 tests meet the typical upper budget for an 
industrial hygienist’s project. Despite the short sample time, it’s about the same amount of time 
the welder performs hard-face welding per year. Other welding occurs only several times 
monthly, and primarily metal pieces are welded together without an intermediary electrode, 
leading to a much smaller concentration of welding fumes produced. Although hard-face 
welding is conducted only annually, it remains important to sample for potential harmful 
exposures and to recommend better practices that help reduce exposure.  
Face velocity readings of the fume hood in the mechanic garage do not accurately 
indicate its effectiveness at removing deleterious smoke from the workspace or vicinity. These 
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measurements can be omitted from any serious determination of corrections to the process 
described in this study, and the capture point velocity should be used instead.  
The area sample location can be improved by moving it directly at the breathing zone of 
other employees in the garage, as opposed to being below the fume hood’s face level. This would 
determine the fume hood’s inability to capture welding fumes more accurately and provide 
further data regarding the exposure of nearby employees. 
The quantified improvement of installing a fume hood curtain or plenum chamber could 
be measured by taking area samples via a MCE cassette during hard-face welding using the same 
electrode, with the sample location outside of the curtain area.       
6.6. Conclusion 
This study was triggered from worker complaints about metal fume odor during metal 
welding in a mechanic garage. Hard-face welding in this occupational setting occurs once per 
year and was chosen for this study because of the large amount of smoke that is produced, giving 
the study a worst-case scenario element. Results show that a worker performing hard-face 
welding was not exposed to metal fume concentrations above an 8-hour OEL established by 
OSHA. Readings from area samples suggest that welding smoke tends to escape the fume hood, 
and thus expose neighboring employees, but below any exposure limit. No action levels were 
breached, therefore the current welding practices are technically fine, but could use optimization. 
Recommendations include providing training to the welder to make a behavioral change by 
moving his face away from the smoke plume during welding, if and/or when possible. Another 
recommendation includes installing a fume hood curtain or a plenum chamber to help contain 
smoke that strays outside of the fume hood and increase the capture point air velocity for the 
hood.           
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35 
Pictures 
 
Figure 4: The blue circle shows the area sampler, which is an MCE cassette filter 
attached to a low flow pump. The low flow pump, which was pre-calibrated to 2 liters per 
minute, is shown in the yellow circle. The green circle shows the Q-trak monitor, that 
measures the air quality and other elements. Finally, the red circle shows the low flow 
pump that is attached to a second MCE cassette filter in the breathing zone of the welder. 
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Figure 5: The fume hood is 8’x4’ and is located directly above the welding table. 
37 
 
Figure 6: A front-side view of the Fleet services garage, where welding also occurs. 
38 
 
Figure 7: Some welding fumes that escaped the fume hood’s draw and collected 
near the lights in the garage. 
39 
 
Figure 8: The fume hood in use, drawing smoke out from the garage. Smoke can be 
seen passing by the welder’s breathing zone. 
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Appendix A: Electrode MSDS 
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Appendix B: Forensic Analytical Raw Data from MCE Cassettes 
Sample Key: A = 0.28 Hrs, B = 0.25 Hrs, C = 0.42 Hrs 
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Appendix C: Fume Hood Spec Sheet 
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Appendix D: Q-Trak Air Quality Monitor Readout 
Q-Trak Meter 
Log 
    Model Number: 7545 
   Serial Number: T75451449004 
  Test ID: 1 
   Test 
Abbreviation: Test 001 
   
Start Date: 
1/29/201
5 
   Start Time: 8:52:30 
   Duration 
(dd:hh:mm:ss): 
0:01:34:0
0 
   Log Interval 
(mm:ss): 1:00 
   Number of 
points: 94 
   Notes: Test 001 
   
     Statistics Channel: CO2 T H 
 
Units: ppm 
de
g F 
%r
h 
 
Average: 410 
64
.3 
48
.2 
 
Minimu
m: 396 
60
.9 
43
.6 
 
Time of 
Minimum: 
10:0
9:30 
9:
10:30 
10
:18:30 
 
Date of 
Minimum: 
1/29
/2015 
1/
29/2015 
1/
29/2015 
 
Maximu
m: 467 
68
.2 
52
.9 
 
Time of 
Maximum: 
8:53
:30 
10
:17:30 
9:
07:30 
 
Date of 
Maximum: 
1/29
/2015 
1/
29/2015 
1/
29/2015 
     
Calibration Meter: 
12/2
/2014 
  Da
te 
T
ime 
CO2 
(ppm) 
T
 (°F) 
H
 (%rh) 
1/
29/2015 
8
:53:30 467 
6
4.3 
4
6 
1/
29/2015 
8
:54:30 464 
6
3.3 
4
8.1 
1/
29/2015 
8
:55:30 455 
6
2.8 
4
9.3 
1/ 8 425 6 5
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29/2015 :56:30 2.3 0.3 
1/
29/2015 
8
:57:30 436 
6
2.2 
5
0.7 
1/
29/2015 
8
:58:30 430 
6
1.9 
5
1.1 
1/
29/2015 
8
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6
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5
1 
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9
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29/2015 
9
:03:30 412 
6
1.2 
5
1.7 
1/
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9
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1.1 
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29/2015 
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29/2015 
9
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9
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29/2015 
1
0:05:30 399 
6
5.3 
4
7.8 
1/
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